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Abstract: The paper suggests a model to account for the common origins of the
asymmetric dark matter (ADM) and matter-antimatter asymmetry. The ADM na-
ture is a stable hadronic particle consisting of a heavy color scalar and a light u
quark, which is formed after the QCD phase transition. At the early stage the
ADM are in thermal equilibrium through collisions with the nucleons, moreover,
they can emit the γ photons with 0.32 MeV energy. However they are decoupling
and become the dark matter at the temperature about 130 MeV. The mass upper
limit of the ADM is predicted as MD < 1207 GeV. It is feasible and promising to
test the model in future experiments.
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I. Introduction
The current universe observations and the standard model (SM) of particle
physics have established the data of the baryon asymmetry and the dark matter
(DM) abundance as follows [1],
ηB =
nB − nB
nγ
≈ 6.1× 10−10, ΩD
ΩB
≈ 5 . (1)
How did the two values originate in the universe evolution? Is there a relationship
between them? What is truly the DM nature? What clues are left to us for the DM
detections? All the time the issues attract great attentions in the fields of experiment
and theory because they are very significant for particle physics and cosmology [2].
Although the SM is a very successful theory at the electroweak energy scale [3], it
can not account for the cosmic problems. All of these are unsolved puzzles up to now
[4]. Undoubtedly, we need the new physics beyond the SM in order to understand
the matter origin and the early universe evolution well.
All kinds of theoretical ideas have been suggested to solve the above-mentioned
problems. The baryon asymmetry can be achieved by the electroweak baryogenesis
[5], the thermal leptogenesis [6], and so on. The candidates of the cold dark matter
are possibly the real scalar boson [7], the sterile neutrino [8], the lightest supersym-
metric particle [9], the axion [10], and so on. Recently, the asymmetric dark matter
is a well-motivated idea because it has something to do with the baryon asymmetry
[11]. The common origin of matter and dark matter was studied in the reference
[12]. On the basis of the unified whole of nature, a realistic theory beyond the SM
should simultaneously accommodate and account for the neutrino physics, baryon
asymmetry and dark matter besides the SM, in other words, it has to integrate the
four things completely. It is especially hard for a model construction to keep the
principle of simplicity, feasibility and fewer number of parameters, otherwise, the
theory will be excessive complexity so that it is incredible or infeasibility. Although
a great deal of efforts have been made toward the ultimate solutions, it is still a
large challenge for theoretical particle physicists to realize the purpose [13].
In this work, I suggest a simple and feasible particle model. It is based on the SM
gauge groups but appends a Z2 discrete symmetry. Besides the SM particles, two
super-heavy Majorana fermions and three color scalar bosons are new introduced
in the model. The baryon and DM asymmetries stem from the decay chains of the
two Majorana fermions in common. The DM nature is an asymmetric hadronic
particle which consists of the lightest color scalar and a u quark after the QCD
phase transition. They can give out light in the stage of the thermal equilibrium
through collisions with the nucleons. After they are decoupling, they really become
the dark matter. The model predicts three interesting results of the DM, namely
the transition energy of 0.32 MeV, the decoupling temperature of 130 MeV, and the
mass upper limit of 1207 GeV. Finally, the model is feasible and promising to be
tested in future experiments.
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The remainder of this paper is organized as follows. In Section II I outline the
model. Sec. III I discuss the asymmetric hadronic dark matter. Sec. IV I give the
numerical results and the experimental searches. Sec. V is devoted to conclusions.
II. Model
The model symmetries are characterized together by the SM gauge groups, the
global baryon number conservation U(1)B, and a discrete symmetry Z2, namely
SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)B ⊗ Z2. Under Z2, all of the gauge bosons and
right-handed fermions have “+1” parity, and all of the scalar bosons and left-handed
fermions have “−1” parity. The model particle contents include the whole SM
particles and the following new particles,
NR(1, 1, 0), χL(1, 1, 0), ΦL(3, 2,
1
3
), ΦR1(3, 1,−2
3
), ΦR2(3, 1,
4
3
). (2)
These numbers in the parentheses are the gauge quantum numbers. NR and χL
are two gauge singlets but they have opposite parities under Z2, however, they are
all Majorana fermions. ΦL,ΦR1,ΦR2 are all scalar bosons with the color quantum
numbers, so all of them have the baryon number 1
3
. ΦL is an isospin doublet, while
ΦR1 and ΦR2 are isospin singlets. All of the new particles play key roles in the new
physics beyond the SM, in particular, in the early universe evolution.
On the basic of the model symmetries, the full Lagrangian is
L = LSM + iNRγ
µ∂µNR + iχLγ
µ∂µχL
+ (DµΦL)
†(DµΦL) + (D
µΦR1)
†(DµΦR1) + (D
µΦR2)
†(DµΦR2)
− (1
2
NTRCMNNR +
1
2
χTLCMχχL + h.c.)
− (lH˜YNNR + qΦLYLNR + dRΦR1Y1χL + uRΦR2Y2χL + h.c.)
− (M2LΦ†LΦL +M21Φ†R1ΦR1 +M22Φ†R2ΦR2)
− (λLΦ†LΦL + λ1Φ†R1ΦR1 + λ2Φ†R2ΦR2)H†H − (λ12Φ†R1ΦR2H†H˜ + h.c.)
− the quartic couplings of ΦL,ΦR1,ΦR2, (3)
where C is a charge conjugation matrix and the self-explanatory notations, l, q, dR,
uR, H, H˜ = iτ2H
∗, are the SM particle states. Obviously, the baryon number con-
servation is incidental in (3), whereas the lepton number is not conserved. All the
mass terms of the new particles are directly permitted by the model symmetries.
The new particle masses and the scalar coupling parameters are assumed to be in
the areas as follows,
〈H〉 = 174 GeV < M2 . M1 ∼ 103 GeV≪ML ∼ 108 GeV
≪MN ∼Mχ ∼ 1012 GeV < Treheat ∼ 1013 GeV,
0 < (λL, λ1, λ2, λ12) ∼ 0.1, (4)
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where Treheat is the reheating temperature after the universe inflation. Obviously, the
scalar potential in (3) keeps the electroweak vacuum stability. After the electroweak
breaking, the light effective neutrino mass is given through the see-saw mechanism
as [14]
mν = −YN 〈H〉
2
MN
Y TN . (5)
The current experiments have established mν ∼ 0.01 eV [15], so this implies the con-
straint relation YNM
−1
N Y
T
N ∼ 10−15 GeV−1. However, the other Yukawa couplings,
YL, Y1, Y2, have large freedoms and are undetermined. Finally, it should be noted
that the coupling term Φ†R1ΦR2H
†H˜ will automatically vanish after the electroweak
breaking.
After the universe inflation, the reheating temperature can reach to Treheat ∼ 1013
GeV for most of the inflation models [16]. Therefore there are an immense amount
of the super-heavy Majorana fermions NR and χL in the reheated universe. Their
decays have significant impact on the universe evolution. In the light of (3), there
are the decay chains as follows,
NR → l + H˜∗, NR → q + Φ∗L, χL → dR + Φ∗R1, χL → uR + Φ∗R2,
Φ∗L → q + l + H˜, Φ∗R1 → dR + uR + ΦR2, Φ∗R1 → Φ∗R2 +H + H˜∗. (6)
NR and χL are decoupling as the universe temperature falls belowMN andMχ. The
produced scalar bosons, ΦL,ΦR1,ΦR2, have different fates afterwards. The heavier
Φ∗L has only a decay channel, namely it slowly decays into the SM particles via the
effective coupling qTCΦ∗LY
∗
LM
∗−1
N Y
†
NH˜
†l. Φ∗R1 has two decay modes. It can slowly
decay into ΦR2 through the effective coupling d
T
RCΦ
∗
R1Y
∗
1 M
∗−1
χ Y
†
2 Φ
†
R2uR, or it can
rapidly decay into Φ∗R2 via the scalar coupling. Obviously, the former decay rate is
far smaller than the later one, so we can completely ignore the former decay mode.
The lightest Φ∗R2 can not decay at all, however, it is a stable particle.
The decay processes of NR and χL have the following features. Firstly, the
irremovable complex phases in the coupling matrices, YN , YL, Y1, Y2, are explicitly
sources of the CP violation. They can lead to a CP asymmetry in each decay
process through the interference between the tree diagram and the one-loop ones
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[17]. The CP asymmetries are defined and calculated as follow,
ε1 =
Γ1(Ni → l + H˜∗)− Γ1(Ni → l + H˜)
Γ1 + Γ1 + Γ2 + Γ2
=
∑
j 6=i
f(xj)Im(Y
†
NYN)
2
ij
8pi[(Y †NYN)ii + 3(Y
†
LYL)ii]
,
ε2 =
Γ2(Ni → q + Φ∗L)− Γ2(Ni → q + ΦL)
Γ1 + Γ1 + Γ2 + Γ2
=
3
∑
j 6=i
f(xj)Im(Y
†
LYL)
2
ij
8pi[(Y †NYN)ii + 3(Y
†
LYL)ii]
,
ε3 =
Γ3(χi → d+ Φ∗R1)− Γ3(χi → d+ ΦR1)
Γ3 + Γ3 + Γ4 + Γ4
=
∑
j 6=i
f(yj)Im(Y
†
1 Y1)
2
ij
8pi[(Y †1 Y1)ii + (Y
†
2 Y2)ii]
,
ε4 =
Γ4(χi → u+ Φ∗R2)− Γ4(χi → u+ ΦR2)
Γ3 + Γ3 + Γ4 + Γ4
=
∑
j 6=i
f(yj)Im(Y
†
2 Y2)
2
ij
8pi[(Y †1 Y1)ii + (Y
†
2 Y2)ii]
,
f(xj) =
√
xj [1− (1 + xj)ln1 + xj
xj
+
1
1− xj ], xj =
M2Nj
M2Ni
, yj =
M2χj
M2χi
. (7)
Secondly, the decay processes are out-of-equilibrium if the decay rates are much
smaller than the Hubble expansion rate of the universe, namely
Γ1 =
MNi
16pi
(Y †NYN)ii ≪ H(T = MNi), Γ2 =
3MNi
16pi
(Y †LYL)ii ≪ H(T =MNi),
Γ3 =
3Mχi
32pi
(Y †1 Y1)ii ≪ H(T = Mχi), Γ4 =
3Mχi
32pi
(Y †2 Y2)ii ≪ H(T =Mχi),
H(T ) =
1.66
√
g∗ T
2
Mpl
, (8)
where Mpl = 1.22 × 1019 GeV and g∗ is an effective number of relativistic degrees
of freedom at the temperature T . At T ≈ MNi ≈Mχi , the non-relativistic particles
are only Ni and χi in the model, the rest of the model particles are all relativistic
states, so one can easily figure out g∗ = 130.75 in (8). It is not actually difficult
to satisfy (8) as long as the Yukawa couplings are sufficient sizes. Lastly, the decay
processes conserve the baryon numbers but violate the lepton number. In short, the
decays of NR and χL satisfy two items of Sakharov’s three conditions [18], namely
CP violation and out-of-equilibrium. As a result, asymmetric number densities of
the final state particles and their antiparticles are generated, in addition, the net
lepton number is non-vanishing although the net baryon number is still nought.
As the universe expansion and cooling, ΦL,ΦR1,ΦR2 will become non-relativistic
particles in sequence. By virtue of the generated Φ∗L asymmetry, Φ
∗
L → q + l + H˜
will contribute a lepton asymmetry which is opposite to one of NR → l + H˜∗,
thus the net lepton asymmetry is actually a result of both cancellation. When the
universe expansion rate falls to being equal to the decay rate of Φ∗L, the Φ
∗
L decay is
completed, in other words, it’s lifetime has expired. After this the lepton asymmetry
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has no further variation and is frozen out. Therefore, the freezing temperature TLF
is determined by the relation
ΓΦL =
M3L
768pi3
TrM∗−1N Y
†
NYNM
−1
N Y
T
L Y
∗
L = H(TLF ). (9)
However TLF > 〈H〉 is required by the model self-consistency. The later numerical
calculations show TLF ∼ 1 TeV. At this temperature, the relativistic particles are
exactly ones of the SM, so g∗(TLF ) = 106.75 in (9).
Thing happened next is that Φ∗R1 rapidly decays into Φ
∗
R2, accordingly, the Φ
∗
R1
asymmetry is completely transferred into the total asymmetry of Φ∗R2. Φ
∗
R2 is at the
end of the decay chains, however, it is a stable particle. On account of the baryon
number conservation, the total asymmetries of the up-type and down-type quarks
in (6) is opposite to one of Φ∗R2.
In the temperature region of 〈H〉 < T < TLF , the sphaleron processes are
smoothly put into effect [19], by which the lepton asymmetry is eventually con-
verted into the baryon asymmetry. At T = 〈H〉, the electroweak breaking occurs,
and then the SM particle masses are generated. At the QCD phase transition tem-
perature TQCD ≈ 220 MeV, the second and third generation heavy quarks have
decayed into the first generation light quarks via the weak interaction and flavour
mixing. A part of the asymmetric u and d in the plasma thermal bath are captured
by the asymmetric Φ∗R2 via the strong interaction to form the asymmetric hadronic
particles as follows,
u+ Φ∗R2 → Φ0u = DM, d+ Φ∗R2 → Φ−d → Φ0u + e− + νe , (10)
while the rest of the asymmetric u and d are combined into the asymmetric nucleons,
i.e. protons and neutrons. Obviously, Φ0u and Φ
−
d are unconventional hadrons. They
are fermions with spin 1
2
and isospin 1
2
. Φ0u is a stable particle as a proton, while
Φ−d is similar to a neutron, which can decay into Φ
0
u via the weak interaction. Φ
0
u is
a neutral charge and color singlet, and has vanishing baryon number, in particular,
it only takes part in the weak interaction. In a word, the asymmetric Φ0u is namely
the cold dark matter in the model. Because the Φ∗R2 mass is far larger than the u
mass and the contained gluon potential, the Φ0u mass is very close to the Φ
∗
R2 one,
namely MD ≈M2.
It is well known that the symmetric parts of matter and antimatter eventually
annihilate into photons in the universe evolution, while the asymmetric parts are
surviving up to now. The above discussions are collected together, then the asym-
metries of baryon and DM are given by the relations as follow,
YB =
nB − nB
s
= 0, YL = 2
nl − nl
s
= 2(κ1
ε1
g∗
− κ2 ε2
g∗
),
YD =
nΦ∗
R2
− nΦ∗
R2
s
= κ3
ε3
g∗
+ κ4
ε4
g∗
,
ηB = 7.04cs(YB − YL), ηD = nD − nD
nγ
= 7.04YD,
ΩD
ΩB
=
MDηD
mnηB
, (11)
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where g∗ = 130.75. κ1,2,3,4 are four dilution factors corresponding to the four decay
processes, which are related to departure degree from thermal equilibrium. 7.04
is a ratio of the entropy density s to the photon number density nγ. cs =
28
79
is
a coefficient of the sphaleron conversion. mn is a nucleon mass. In conclusion,
the model clearly shows origins of the baryon asymmetry and the asymmetric dark
matter, and the close relationship of the both.
III. Asymmetric Hadronic Dark Matter
After the QCD phase transition and before the BBN beginning, namely in the
period of 1 MeV . T . 220 MeV, the universe particles include the non-relativistic
Φ0u and nucleons, and the relativistic electrons, neutrinos and photons. In view of
Φ0u appearing, this period is in fact divided into two stages. In the first stage, Φ
0
u are
in thermal equilibrium because they can frequently collide with the nucleons via the
neutral weak interaction mediator Z0. The average kinetic energy of Φ0u is therefore
1
2
MDv
2
D =
1
2
mnv
2
n =
3
2
T . In virtue of MD ≫ mn, the Φ0u speed is much slower than
the nucleon one.
As mentioned in the last section, the structure of Φ0u is that a heavier Φ
∗
R2 confines
a lighter u quark via the gluon mediator. This is very similar to the hydrogen
atom structure, in which a heavier proton confines a lighter electron via the photon
mediator. Therefore, the potential and energy level of u in the inner of Φ0u can simply
be obtained by analogizing ones of electron in the hydrogen atom. In addition, Φ0u
can transition from the ground state to the excited state by means of absorbing
collision energy. In accordance with the laws of conservation of momentum and
energy, we can write the equations as follows,
VG = −4αs
3 r
, En = −8muα
2
s
9n2
, △E = E2 − E1 = 2muα
2
s
3
,
µn(
−→vr −−→vr ′) = −→pn −−→pn ′ = −→q , 1
2
µn(v
2
r − v′2r ) = △E,
q2 = 4µnEr(1− △E
2Er
−
√
1− △E
Er
cosθ), △E = 0 if Er < △E, (12)
where µn =
mnMD
mn+MD
, −→vr = −→vn−−→vD, Er = 12µnv2r . VG is one-gluon exchange potential.
△E ≈ 0.32 MeV is the lowest transition energy of Φ0u, q is a momentum transfer of
nucleon, and θ is a scattering angle in the center-of-mass frame. For the collision
with Er < △E, the collision energy is not enough to excite a transition of Φ0u, this
case is an elastic collision, so the kinetic energy loss is vanishing, namely △E = 0
in (12). For the collision with Er > △E, the collision energy is enough to excite a
transition of Φ0u, this case is an inelastic collision, so the kinetic energy loss is exactly
equal to the transition energy △E. However, Φ0u in the excited state is unstable,
it can quickly complete a transition back to the stable ground state by emitting a
△E-energy γ photon. In conclusion, the Φ0u can actually give out light instead of
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the dark things in the early stage.
As the universe temperature decreasing, the relative velocity vr is reducing, ac-
cordingly the collisions between Φ0u and nucleons are becoming rare. Because the
collision reaction rate falls faster than the universe expansion rate, the former will
be smaller than the latter below a certain temperature. At this point Φ0u are depar-
ture from thermal equilibrium and decoupling, thus the evolution enters the second
stage. What follows are a solution to the Φ0u decoupling temperature.
At the low energy the collision cross-section of nucleon and Φ0u is dominated by
spin-independent contributions, which arise from the effective vector-vector weak
couplings as follows,
Leff = −
∑
q=u,d
[qγµq][aquγµu+ bqi(Φ
†
R2∂µΦR2 − ∂µΦ†R2ΦR2)],
aq =
g2Q′qQ
′
u
M2Z
=
2cos2θWQ
′
qQ
′
u
〈H〉2 , bq =
g2Q′qQ
′
Φ∗
R2
M2Z
=
2cos2θWQ
′
qQ
′
Φ∗
R2
〈H〉2 ,
Q′ =
1
cosθW
[
1
2
IL3 −Qesin2θW ], (13)
the above notations are self-explanatory. The collision cross-section is simply calcu-
lated by [20]
σ =
µnB
2
n
512piEr
∫ q2max
q2min
F 2(q)dq2,
Bn = (A+ Z)(au + bu) + (2A− Z)(ad + bd), F 2(q) =
(
3j1(qR)
qR
)2
e−q
2s2 , (14)
where nucleon is denoted by n(A,Z), F (q) is a form factor of n(A,Z), j1 is a spherical
Bessel function, R ≈ √5s2 − 1.44A fm and s ≈ 1 fm. q2min and q2max are derived
from θ = 0 and θ = pi in (12), respectively. At last the decoupling temperature TD
is determined by the formulae as follows,
ΓnD(TD) = H(TD),
ΓnD(TD) = 〈σvr〉nn = [
√
2nn√
µn
(
∫ △E
0
σ1 +
∫ µn
2
△E
σ2)Ere
− Er
TD dEr]/[
∫ µn
2
0
E
1
2
r e
− Er
TD dEr],
nn = gn(
mnTD
2pi
)
3
2 e
−mn
TD , (15)
where the heat average is calculated on the basis of Boltzmann distribution of Er.
σ1 and σ2 denotes the cross-section of the elastic collision and one of the inelastic
collision, respectively. The integral upper limit µn
2
is derived from Er =
1
2
µnv
2
r and
vr < 1. gn = 4 is the degree of freedom of the nucleon. At this stage the relativistic
particles only include electrons, neutrinos and photons, so g∗(TD) = 12.5 in (15).
The TD value will be found by the numerical solution of (15). Undoubtedly, it
should be in the region of 1MeV . TD . 220MeV. After T < TD, Φ
0
u terminate the
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collisions with the nucleons due to the departure from thermal equilibrium, namely
they are decoupling. Therefore Φ0u are no longer excited, of course, they can not
give out light anymore. From this time on Φ0u really become the dark matter as
so-called name. As the temperature falls to T ∼ 1 MeV, finally, the universe enters
the epoch of BBN [21].
IV. Numerical Results
In the section I present the model numerical results. According to the foregoing
discussions, the model contains a lot of the new parameters besides the SM ones.
In principle the SM parameters have been fixed by the current experimental data,
but the non-SM parameters are yet undetermined. The SM parameters involved in
the numerical calculations are only the five physical quantities as follows [1],
〈H〉 = 174 GeV, mu = 2.3 MeV, mn = 939.6 MeV,
sin2θW = 0.231, αs(1 GeV) = 0.46, (16)
where the nucleon mass mn is taken as the neutron one, and the strong gauge
coupling coefficient αs is evaluated at the energy scale of 1 GeV, which is close to
the nucleon mass. However, it is enough for our purpose that the non-SM particle
masses are only set as some reasonable orders of magnitude rather than fine values,
so they are typically chosen as follows,
MN1 =Mχ1 = 1× 1012 GeV,
MN2
MN1
=
Mχ2
Mχ1
= 10,
MN3
MN1
=
Mχ3
Mχ1
= 100,
ML = 1× 108 GeV, M1 = 1× 103 GeV, M2 ≈MD = 800 GeV. (17)
Here I only suppose thatMN1 andMχ1 are smaller than Treheat for simplicity, so only
the decays of N1 and χ1 in (7) and (8) need be considered. The Yukawa couplings,
YN , YL, Y1, Y2, actually contain a great deal of the flavour parameters. They have
larger freedoms since the flavour structures are as yet unknown. In view of (7) and
(8), the Yukawa matrix elements can simply be taken as follows,
(Y †NYN)11 = 5× 10−2, (Y †LYL)11 = (Y †1 Y1)11 = (Y †2 Y2)11 = 1× 10−6,
Im(Y †LYL)
2
1j = 4× 10−8, Im(Y †1 Y1)21j = Im(Y †2 Y2)21j = 1× 10−14, (18)
where j = 1, 2, 3. (Y †NYN)11 and Im(Y
†
LYL)
2
1j are relative sensitive to fitting mν
and ηB, so their fine values are given, but the other parameters are only fixed to the
suitable orders of magnitude. In addition, Im(Y †NYN)
2
1j is absent because N1 → l+H˜∗
is actually not out-of-equilibrium.
The above values of the parameters are based on an overall consideration, namely,
they not only satisfy the model consistency and the experimental limits, but also
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are typical in the parameter space. Firstly, (17) and (18) are put into (8) and (9),
we can obtain the results as follows,
Γ1
H(MN1)
≈ 639, Γ2
H(MN1)
≈ 0.038, Γ3
H(Mχ1)
=
Γ4
H(Mχ1)
≈ 0.019,
TLF ≈ 1222 GeV. (19)
These clearly show that relative to the universe expansion, N1 → l+ H˜∗ is very fast
and the other three decays of N1 and χ1 are very weak, in other words, the other
three decays are serious out-of-equilibrium but the first decay is full in thermal
equilibrium. Indeed, Γ1 < H(MN1) is very difficult to be satisfied in view of the
constraint of the neutrino mass (5). Therefore, we can reasonably infer that κ1 ≈ 0
and κ2,3,4 ≈ 1 in (11). We can thus draw a conclusion that the lepton asymmetry
essentially arises from N1 → q + Φ∗L rather than N1 → l + H˜∗, while the DM
asymmetry entirely stems from χL → dR + Φ∗R1 and χL → uR + Φ∗R2. On the other
hand, TLF ≈ 1222 GeV exactly meets our expectation, which can guarantee that
the sphaleron processes are put in effect smoothly.
Secondly, by the calculation of (7) and (11), we can obtain the asymmetries of
DM and baryon and the ratio of their abundance at the present-day, namely
ηD ≈ 3.6× 10−12, ηB ≈ 6.1× 10−10, ΩD
ΩB
≈ 5 . (20)
ηD which is as yet undetected is mainly subject to Y
†
1 Y1 and Y
†
2 Y2, however, it is
believed to be two orders of magnitude smaller than ηB. Since ηD and MD are
together in charge of ΩD
ΩB
, MD can vary in a certain area. In short, these results are
very well accordance with the current data of the universe observations [22].
Lastly, put (16) into (12)–(15) and fulfil the numerical calculations, we can obtain
△E and TD. In addition, no γ photons are emitted in the experiments of the direct
detection of the DM so far, therefore we can infer that the average kinetic energy of
the DM in the present-day universe should be less than △E, namely 1
2
MDv
2
D < △E
in which vD ≈ 220 km/s ≈ 7.33 × 10−4 c is the average speed of the DM at the
present-day [23]. Thus the mass upper limit is derived as MD < 2△E/v2D. All the
important results are summed up as follows,
△E ≈ 0.32 MeV, TD ≈ 130 MeV, MD < 1207 GeV. (21)
It should be stressed that the above results only depend on the five parameters in
(16), and they are approximately independent of MD due to µn ≈ mn. The lower
limit of MD should be provided by the collider searches. In a word, (21) are three
interesting and important predictions of the model.
Here I give a brief discussion about the model test. Firstly, △E ≈ 0.32 MeV is
in the γ-energy range, which is far higher than the visible region and beyond the
X-band. I suggest two ways to detect the γ photons of 0.32 MeV. One is that the γ
10
photons can arise from the collisions of some galaxies and the DM by chance, so we
can search them in the cosmic observations. The other one is that we can use the
neutron beam with 1 MeV kinetic energy to collide the DM, then we can detect the
γ photons through the neutron scattering.
Secondly, TD ≈ 130 MeV exactly fits what we expected, this is purely a predic-
tion of the model but by no means a coincidence. In fact, it is the DM decoupling
temperature from the collisions with neutrons. The DM decoupling from the col-
lisions with protons is actually earlier than one from the collisions with neutrons
because the collision cross-section with proton is a few smaller than one with neu-
tron. Evidently, the period from the QCD phase transition to the BBN is indeed
divided into two phases by TD ≈ 130 MeV. In the phase of TD < T < TQCD, the DM
can emit the γ photons of 0.32 MeV through the collisions with nucleons. In the
phase of T < TD, the DM are decoupling and stop to emit the γ photons completely,
so they become the dark matter.
Lastly, we can search the color scalar boson ΦR2 at the colliders on account of
MD < 1207 GeV. On the basis of the model interactions, a pair of ΦR2 can be
produced by three ways as follows,
e− + e+ → γ → ΦR2 + Φ∗R2, p+ p→ G→ ΦR2 + Φ∗R2,
p+ p→ G+G→ ΦR2 + Φ∗R2. (22)
However, they eventually annihilate into photons instead of any decay products.
The first process can be accomplished at the future lepton-antilepton collider as the
ILC [24]. This is also the best efficient method to measure ΦR2. The last process
can be searched at the present LHC [25]. We are looking forward to the relevant
results. Although all of the suggested searches are some large challenges, the model
is feasible and promising to be tested in near future.
V. Conclusions
In the paper, I suggest a simple model of the asymmetric dark matter and lep-
togenesis. The model is based on the SM gauge groups and the Z2 discrete sym-
metry. The baryon number conservation is incidental but the lepton number is
not conserved. The new particles in the model are the two super-heavy Majorana
fermions and the three color scalar bosons. In virtue of the CP violation and out-
of-equilibrium, the lepton asymmetry is essentially generated by the decay chain of
NR → q + Φ∗L and Φ∗L → q + l + H˜, which is then converted into the baryon asym-
metry by the sphaleron processes. The two decay chains of χL in (6) eventually lead
to the asymmetries of Φ∗R2 and u, which are then combined into the asymmetric
stable Φ0u after the QCD phase transition. At the early stage Φ
0
u are in thermal
equilibrium through the collisions with the nucleons, moreover, they can emit the γ
photons with 0.32 MeV energy. At TD ≈ 130 MeV, Φ0u are decoupling completely,
from then on they no longer give out light and become the dark matter. The model
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not only accounts for the origins of the ADM and matter-antimatter asymmetry,
and the close relationship of the both, but also it elaborates the dark matter nature.
In particular, the model gives the three important predictions of the ADM, namely
the transition energy of 0.32 MeV, the decoupling temperature of 130 MeV, and
the mass upper limit of 1207 GeV. Finally, these ideas and predictions can certainly
provide some guides for the future experimental search, the model is expected to be
tested in near future.
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